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Background and Objectives:

The strong sensitivity of polar climate to the simulated surface fluxes of heat, moisture and
momentum is undoubtedly responsible for many of the deficiencies in the simulations of
the Arctic by global climate models. However, rigorous explanations of these deficiencies
have been lacking because of the complexity of the interactions between the atmosphere
(including clouds), ocean, land, snow and sea ice. The approach we have taken to reach an
understanding of the role of the Arctic in climate is a high resolution limited area model
system approach. This approach, while expensive and difficult, is physically based and has
yielded promising preliminary results, and hence offers a wide range of applications. The
Arctic Region Climate System Model (ARCSyM) has been under development since 1992,
and is now recognized as a leading regional model of the Arctic. The ARCSyM is currently
being used by investigators at NCAR, University of Colorado, Rutgers University, Los
Alamos National Laboratory, Pennsylvania State University and Byrd Polar Research
Center.

ARCSyM has been developed to simulate coupled interactions among the atmosphere, sea
ice, ocean and land surface of the western Arctic. The atmospheric formulation is based
upon the NCAR regional climate model RegCM2, and includes the CCM2 radiation scheme
and the Biosphere-Atmosphere Transfer Scheme (BATS). The dynamic-thermodynamic
sea ice model includes the Hibler-Flato cavitating fluid formulation and the Parkinson-
Washington thermodynamic scheme linked to a swamp ocean.

The ultimate goals of the research were

* to provide a prioritization of the problems and issues confronting modelers of the Arctic
system;

1o create a climate system model appropriate for long term simulations of high latitude
climate;

¢ to create a coupled model for the study of individual phenomena such as polynya
formation and land surface run-off which require such an approach.

Achievements:

Simulations have been performed at a range of horizontal resolutions, from 7km to 63km,
in order to assess the performance of the model and guide the development of new, high
latitude specific physical parameterizations. Experiments at the coarser resolutions have
addressed the model sensitivity to sea ice dynamics (rarely done in global climate models),
the sub-grid-scale moisture treatment, to ice phase physics in the explicit moisture
parameterization, to changes in the relative humidity threshold for the autoconversion of
cloud water to rainwater, and to changes in cloud parameters affecting cloud-radiative
interactions. In particular, it has been found that the parameterization of ice dynamics and
the ice phase in atmospheric moist processes are crucial in working towards an accurate
Arctic simulation. Further work in these areas is already underway under a separate NSF
grant. In addition, it is clear that even with simple representations of these processes
included, there are deficiencies in the resulting model simulations, which point to the need
for similar systematic examination of other parameterizations, including radiative
processes, soil hydrology and ocean circulation. Since the implicit physical schemes
outperform the more physically representative explicit schemes in the Arctic, more work
needs to be done on these physically-based schemes before their inclusion into GCMs is
warranted. This will continue with NSF funding.

Simulations at finer resolutions have addressed the performance of the model in simulating
specific events, such as the formation of the St Lawrence Island polynya (SLIP). Satellite



observations of the polynya have previously been limited to large-scale, low resolution
imagery or costly field expeditions that are highly dependent on season and cloud
conditions. The recently launched European Space Agency Earth Remote Sensing Satellite
1 (ERS-1) which carries a Synthetic Aperture Radar (SAR) has made a new form of high
spatial and temporal resolution imagery available for use. As the SAR is an active C-band
microwave instrument, it is virtually unaffected by darkness, or by the dense cloud cover
which tends to be prevalent during Bering Sea winters. The resulting SAR imagery can
also be processed to create ice motion products. Further, SAR imagery can be combined
with the more traditional remote sensing products (i.e. AVHRR and SMM/I) to produce a
comprehensive picture of the ice circulation and the process of polynya formation.
Modeling a SLIP event (the opening and closing of the polynya) has been a difficult task
due to the relatively small size of the polynya leading to the requirement for a regional scale
coupled atmosphere/sea ice model. With the development of ARCSyM, simulation of the
SLIP is now possible. The use of the newly-acquired remote sensing products can now be
extended further to model validation in addition to observation of the polynya event.

High latitude air-sea-ice interaction is the main conduit through which the deep ocean
communicates with the rest of the climate system. A key element in modeling and
predicting the oceanic impact on climate is understanding the processes which control the
near surface exchange of heat, salinity and momentum. Thus, the last phase of the NASA-
funded project involved the coupling of a regional ocean circulation model to complete the
basic suite of component models in the climate system model, in order to address this
question. This work was undertaken in conjunction with researchers at Rutgers University.
It has been found in simulations with the fully coupled climate system model that the ocean
circulation has profound effects on the local atmospheric circulation through its control of
ice distribution, and hence surface fluxes. It is now planned to couple the ARCSyM to the
CCM2 global climate model, in collaboration with researchers at the Byrd Polar Research
Center. By using this two-way coupling method, how the global climate is influenced by
the polar regions and how the polar climate is affected by other regions of the globe will be
quantified.
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